The aim of the present study was to examine the sensitivity of the Acute Recovery and Stress Scale (ARSS). This new psychometric questionnaire was developed to assess the physical, mental, emotional, and overall recovery and stress states of athletes. During a five-day field hockey training camp of the German Junior National Field Hockey Team (n = 25) the ARSS was administered every morning and evening. The study indicated swift reactions of the scores of the physical and general factors as well as stability of scores for the emotional factors in accordance with the training schedule. The straining effect of the camp was best reflected by the adaptations of the scales Physical Performance Capability (F 2.9, 60.3 = 10.0, p < 0.001) and Muscular Stress (F 4, 84 = 16.7, p < 0.001). The results support the ability of the ARSS to monitor recovery-stress (im-)balances in this sample. Thus, the questionnaire has shown to be a sensitive and practical tool that might be suitable for elite sport settings.
INTRODUCTION
Specific and intense training is central to performance enhancement and subsequent success in elite sports. Athletes aspire to be physically as well prepared as possible to compete in the highest levels of competition. Coaches and athletes, therefore, are constantly searching for new training methods and strategies to gain a competitive edge. However, prolonged, excessive training stress accompanied with inadequate recovery can lead to signs of overreaching or the gradually built up overtraining syndrome, which is characterized by chronic maladaptive biological consequences and subsequent decrements in performance [1] . Specifically, key findings from research show that overtraining is associated with poorer performances, lack of progression, altered mood states, persistently high ratings of fatigue, depressed reproductive function, and alterations in immune function [2] . Halson et al. [3] have shown that a seven-day period of intensified training with limited recovery can induce a state of overreaching among trained cyclists. Overreaching relates to a short-term decrement in performance capacity and recovery may take several days to several weeks. The overtraining syndrome leads to a long-term decrement in performance capacity which is a result of accumulating training and/or non-training stress which may prolong restoration of performance capacity from several weeks to months [4] .
Individual variability in responses to training plays an important role in relation to the development of perceived overtraining [5] . Athletes of similar performance standard may display differential responses to a given training stimulus [6] . In other words, an appropriate training load for one athlete over a prolonged period may cause the overtraining syndrome in another [7] . Such inter-individual differences in responses under identical conditions can be explained by variations in the recovery potential, endurance capacities, stress tolerance or non-training related stressors, genetics, training background, or current health status [4, 8] .
Training camps are generally intense and are likely to induce increased stress and insufficient recovery due to travel, increase in training load, pressure to be selected for the team, and other social factors, which probably affect the recovery-stress balance of the athletes [9] . As Kellmann et al. [10] highlighted, elevated levels of stress and simultaneously lowered levels of recovery are expected as a function of extended duration of high intensity training. Physical exercise is an energy-demanding activity, which over extended periods may empty the energy stocks within the body and raise the sensations of fatigue and exhaustion [11] . Athletes may, thus, experience acute feelings of fatigue and a decrease in performance from a single intense training session or an intense period of training [4] . Smith and Norris [8] reported a continuum from day-to-day training fatigue to the fatigue generated from an excessive overload. As a consequence, the stress state accumulates while the recovery state decreases due to the increased training load and probably insufficient time for recovery during a training camp [10] , which makes such a training camp an authentic and appropriate context to examine the recovery-stress state in elite athletes.
The early detection of an imbalance between stress and recovery is necessary to minimize potential decrements in performance [12] . Regular monitoring of an athlete's current condition using diagnostic tools can help to identify early signs and symptoms of overtraining. However, since many physiological parameters change in the response to intense training, it appears difficult to distinguish normal from abnormal changes [13] . Diagnostic tools, such as psychometric scales are useful complements to provide helpful psychological information of an athlete's recovery-stress state in an efficient way [14] .
The Recovery-Stress Questionnaire for Athletes (RESTQ-Sport) [15, 16] is a common tool for monitoring recovery and stress in sports, which was developed from a biopsychological approach considering physiological, subjective, behavioural, and social aspects [17] . The RESTQ-Sport has been frequently applied in training camps and overtraining research [e.g., 12, [18] [19] [20] . But from a practical perspective, the RESTQ-Sport is a rather lengthy questionnaire that is suitable for weekly application for the duration of a sporting season [5] . However, it measures stress and recovery concerning the past three days and does not represent the acute state of an athlete. Consequently, it is argued that a shorter instrument is needed that is sensitive to the athlete's current state [4] .
Recently, researchers have developed a scale that measures the acute state of an athlete (Acute Recovery and Stress Scale, ARSS) using a list of adjectives [21] . The ARSS was developed for use in a larger research project "RegMan -Optimization of Training and Competition: Management of Regeneration in Elite Sports", which was initiated and funded by the German Federal Institute of Sport Science.
Since the new instrument has not been applied in elite sport contexts yet, it was the purpose of the present study to examine its sensitivity during a five-day field hockey training camp of the German Junior National Field Hockey Team. It was hypothesised that reduced scores of the ARSS recovery scales and increased scores of the stress scales would be found as the training camp progressed. The ARSS was also designed for monitoring daily training, and therefore deemed suitable for this study investigating the daily change in the recoverystress state as well as the general trend of recovery and stress over the duration of the camp. Meeusen et al. [4] in reviewing the literature, reported significant increases in scores on other psychological scales after a two-day period of intensified training. Thus, if the ARSS scales are sensitive, they should be able to reflect the training load.
METHOD

PARTICIPANTS
The twenty-five female field hockey players of the German Junior National Team aged between 18 and 20 years (M = 19.1 ± 0.8) voluntarily participated during a five-day training camp. Subsequent to the indoor season in February, the primary purpose of the camp was the preparation for the Hockey Junior World Cup in July 2013. Participants were assured that their individual data would be treated confidentially and would not be used for selection purposes. Because of delayed arrivals or early departures and occasional absences of athletes, the sample size fluctuated for some measurements. Data sets of athletes who were missing on three or more time points were excluded from statistical analyses.
The study was conducted in accordance with the ethical standards laid down in the Declaration of Helsinki.
PROCEDURE
An overview of the times of data collection combined with the volume and content of the training sessions is presented in Figure 1 . In total, data were collected over nine time points. The duration of specific team training sessions ranged between 75 and 105 minutes. On three occasions, the team training was replaced by test matches against the Senior National Field Hockey Team, who were engaged in a training camp at the same time. Same playing times were arranged for all players during these matches. The goalkeepers and those athletes who were appointed to execute corner situations were required to also complete additional training sessions (average 40 minutes) daily. On the fourth morning, no hockey specific training but only athletic training was carried out. Additionally, the athletes were told to jog at low intensity for twenty minutes to recover every morning before breakfast, except the morning of day four. In addition, the coach was asked to evaluate each session in terms of the perceived training intensity on a scale ranging from 0 (no intensity) to 6 (maximal intensity). On average the sessions were rated 4.5 (medium to high intensity level). One exception was the evening session of day four designed for an intensity of 2 ( Figure 1 ).
ACUTE RECOVERY AND STRESS SCALE
The German version of the ARSS consists of 32 adjectives describing physical, emotional, mental, and overall aspects of recovery and stress (e.g. powerful, tensed) [21] . These descriptions are assessed with a seven-point Likert-type scale ranging from 0 (does not apply at all) to 6 (fully applies). Subsequent to an exploratory factor analysis, Hitzschke et al. [22] examined the ARSS with a confirmatory factor analysis on a sample of performance oriented athletes (N = 429) resulting in satisfactory and good model-fit for the recovery factor (RMSEA = 0.07, CFI = 1.0, SRMR = 0.04) as well as the stress factor (RMSEA = 0.09, CFI = 0.9, SRMR = 0.05). The eight scales of the ARSS scores have been found to possess good internal consistency using Cronbach's alpha (Range = 0.84 to 0.94). The mean score of four adjectives represents one of the following dimensions Physical Performance Capability, Mental Performance Capability, Emotional Balance, Overall Recovery, Muscular Stress, Lack of Activation, Emotional Imbalance, and Overall Stress.
The athletes were asked to answer the questionnaire every morning and evening at meal times.
RECOVERY-STRESS QUESTIONNAIRE FOR ATHLETES
Data from the RESTQ-Sport [15, 16] was collected at the beginning and at the end of the training camp. Participants were asked to answer 76 statements regarding the frequency of experienced stressors and recovery-related activities in the past three days and nights (e.g. ... I felt physically fit; ... I was fed up with everything). These are likewise assessed with a sevenpoint Likert-type scale ranging from 0 (never) to 6 (always). These scales (4 items each) are divided into twelve general and seven sport-specific aspects of recovery and stress. The German as well as the English RESTQ-Sport has been found to have acceptable internal consistency (Cronbach's alpha ranging between α = 0.67 and α = 0.89), and shown to be stable in regard to short-term functional fluctuations and short-term changes of state [14, 23] .
DELAYED-ONSET MUSCLE SORENESS
The measurement of delayed-onset muscle soreness (DOMS) was conducted with a visual analogue scale (VAS) [24] at the first, third, and fifth day of the training camp. The 100 mm line is anchored at the left by the words 'no pain' and at the right by the words 'unbearable pain'. Participants were asked to draw a vertical line on the scale representing the current intensity of muscle soreness. A pain-rating index was calculated from each VAS measurement, with the intensity of pain considered to be the distance (in mm) of the participant's mark from the left-hand side of the scale. The VAS is a common instrument to evaluate the intensity of one's pain and is therefore frequently applied in experimental studies and DOMS research [25, 26] . Research has shown that the tool has good sensitivity to change as well as a very good repeatability with correlation coefficients ranging between 0.97 and 0.99 [27] .
STATISTICAL ANALYSES
Statistical analyses were conducted with SPSS 21. In order to verify the sensitivity of the ARSS, changes in scores were calculated: a) from the beginning to the end of the training camp (day 1 vs. day 5; paired t-tests); b) from the morning to the evening measurements (paired t-tests); and c) for the morning values (ANOVA for repeated measurements, n = 22). RESTQ-Sport scores were examined with paired t-tests (n = 23), whereas the DOMS measures were examined with a repeated measures ANOVA (n = 21).
To prevent an undue decline of the sample size as a result of the listwise deletion, it was refrained from an ANOVA of all measurements. Instead, separate calculations were executed.
RESULTS
Descriptive results of the ARSS scales and number of participants throughout the training camp are presented in Table 1 . The distribution of the scores for the ARSS recovery scales is depicted in Figure 2 , and the ARSS stress scales are depicted in Figure 3 . For reasons of clarity, only those scales which revealed adaptations according to the training schedule are depicted. The comparison of the RESTQ-Sport values is illustrated in Figure 4 .
RECOVERY SCALES
The analysis of the pre-post data collection revealed a significant decrease of Physical Performance Capability from the beginning to the end of the training camp: t 22 = 4.1, p < 0.001. Day-to-day analyses exposed a decline from the morning to the evening, which were significant for day one: t 21 = 7.2, p < 0.001; as well as for day two: t 22 = 9.2, p < 0.001, and day three: t 22 = 4.1, p < 0.001. On day four, no significant results were found. Comparing the morning scores, the ANOVA showed significant changes over the course of the camp: F 2.9, 60.3 = 10.0, p < 0.001. According to the post-hoc test, the scores of the first morning and the second morning declined to day three (p 1 < 0.030, p 2 < 0.001), as well as to day four (p 1 < 0.014, p 2 < 0.014) and to day five (p 1 < 0.006, p 2 < 0.003).
Scores for the second recovery scale labelled Mental Performance Capability displayed a decline of the baseline value compared to the final value: t 22 = 4.0, p < 0.001. Moreover, . Three out of four ARSS stress scales ranging from 0 (does not apply at all) to 6 (fully applies) throughout the training camp morning-evening variations were found daily with significantly reduced evening values: day one t 21 = 7.5, p < 0.001; day two t 22 = 5.5, p < 0.001; day three t 22 = 4.9, p < 0.001; day four t 24 = 2.2, p < 0.035. Moreover, the ANOVA of the morning measurements detected significant changes: F 2.9, 60.3 = 5.6, p < 0.002. Accordingly, the mean score of the fifth morning was lower than the value of the first day (p < 0.011) as well as the third day (p < 0.020). Analyses of Emotional Balance featured a significant decrease from pre to post camp measures: t 22 = 2.9, p < 0.009, accompanied with a significantly reduced evening score on the first day: t 21 = 7.5, p < 0.001. While the other days proceeded almost unchanged, a significant development of the morning values was found (F 3.0, 63.9 = 3.8, p < 0.013) and the score of the first day was higher than the fourth (p < 0.036).
The assessment of Overall Recovery also resulted in a significant pre-post camp decrease: t 22 = 2.9, p < 0.009. Furthermore, the first two days of the training camp revealed significant changes in scores: day one t 21 = 3.8, p < 0.001; day two t 22 = 7.9, p < 0.001. Additionally, variations were found among the morning scores: F 2.4, 50.8 = 4.4, p < 0.012, the post-hoc test resulting in a decline from day two to day three (p < 0.002).
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Validity of the Acute Recovery and Stress Scale Although the pre-post camp comparison of scores did not indicate a significant change in Lack of Activation, an escalation of the scores over the day was found on day one: t 21 = -2.8, p < 0.010, day two: t 22 = -3.7, p < 0.001, and day three: t 22 = -2.7, p < 0.015. The morning values remained unchanged.
The analyses of the scores for the scale Emotional Imbalance did not reveal any significant response during the course of the training camp.
The mean value of Overall Stress rose from the beginning to the end of the training camp: t 22 = -3.7, p < 0.001. In addition, there was an increase on day one: t 21 = -4.3, p < 0.001, day two: t 22 = -7.9, p < 0.001, and day three: t 22 = -3.1, p < 0.005. Furthermore, the ANOVA indicated a development of the morning values F 2.8, 58.1 = 9.0, p < 0.001. The post-hoc test revealed an increase from day one to day five (p < 0.013), and from day two to day three (p < 0.001), day four (p < 0.016), and day five (p < 0.001).
RESTQ-SPORT
The results of the two measurements of the RESTQ-Sport factors are depicted in Figure 4 
DOMS
The ANOVA for repeated measurements over the three assessments of the DOMS (i.e., day one, three and five) yielded significant alterations: F 2, 40 = 14.2, p < 0.001. In particular, the mean pain scale rose from day one (17.6 ± 18.1 mm) to day three (40.0 ± 17.9 mm, p < 0.001) and to day five (39.0 ± 21.0 mm, p < 0.002).
DISCUSSION
The purpose of this study was to examine the sensitivity of the new questionnaire, the ARSS, in respect to its ability to assess the process of recovery and stress states in an elite sporting context. The setting of a five-day field hockey training camp was selected to administer the ARSS repeatedly. As the RESTQ-Sport is a well-established monitoring instrument [e.g. 12, [18] [19] [20] , it was used as reference. Similar pre-post camp changes of both questionnaires were therefore expected. Moreover, daily fluctuations throughout the training camp were examined. The results indicated certain variability as well as a convenient stability for most of the scales as hypothesised.
When the baseline values were measured at the beginning of the training camp, the distribution of the RESTQ-Sport team scores revealed a tendency to lower recovery and higher stress values. Although most of the stress-related scales remained low, the scales Conflicts/Pressure and Fatigue displayed the highest scores. Considering the range of the seven-point rating scale, the recovery-related scales appeared somewhat in a mid-level field between 2.6 (± 1.2) and 3.8 (± 1.2). Thus, the athletes revealed indices of poor recovery according to the scores for the last three days and nights, which, probably, can be attributed to final matches at the preceding weekend (end of the indoor season) and travel within Germany as well as from abroad. Before the beginning of the first training session, the ARSS recovery scores were also in the medium range, whereas the stress scales were located in the lower range. During the course of the camp, the ARSS showed swift and sensitive reactions as well as adaptations according to the coach's perceived training intensity. Because of the high volume and intensity of training (see Figure 1) , especially on the first three days, variations of the physical and general components were expected. Also scores on the mental scales were assumed to change due to frequent meetings and tactical discussions.
In general, sensations of fatigue and exhaustion are raised sooner or later by an emptying of energy stocks or due to other physiological mechanisms during physical exercise [11] . A single intense training session or training period may cause acute feelings of fatigue and decrease in performance [4] . An increase in training load and high duration of training are therefore associated with elevated levels of stress and simultaneously lowered levels of recovery [14] . Therefore, the morning recovery scores were expected to be higher and the stress scores to be lower than the evening scores.
These prior findings ascertain the outcome of the ARSS scores of the present study. The scores for the recovery scales of the ARSS were significantly higher at the beginning of the training camp than at the end, while Muscular Stress and Overall Stress increased significantly. Furthermore, the physical, mental, and overall stress and recovery scores showed variations on every day as well as over the course of the camp. The first three days consisted of very intense training sessions, including two demanding test matches, which are represented by a decline of the recovery scales and a rise in the stress scales every evening. The process of Physical Performance Capability and Muscular Stress, moreover, revealed the cumulative straining effect of the training. While recovery was resembled on the first two days, from day three on the scores did not return to the baseline point; i.e., the scores of Physical Performance Capability were lowered and Muscular Stress rose. In accordance with the training schedule, no variation was found on day four. As the early-morning jogging was omitted, and only a short athletic session (60 min) and less intense hockey training (intensity rating = 2) were conducted, the morning and evening scores remained stable, and even a small recovery trend could be derived from the stress component.
The non-training-related aspects of preparation camps have the potential to adversely affect the recovery-stress state of the athletes, for instance additional travel, sleeping in an unaccustomed environment, pressure to perform, or negative or lack of positive social factors [9] . This might explain why Emotional Balance decreased significantly by the end of the camp. However, regarding the other measurements, Emotional Balance and Emotional Imbalance displayed least variability. Probably, an influence on emotional perceptions was not intended during the short period, as no selection decisions were discussed.
The changes of the RESTQ-Sport seem to confirm the conclusion that the camp was really demanding physical resources. Specifically, in terms of the physical aspects; i.e., scores of Physical Complaints and Injury increased, while Physical Recovery scores declined. Jürimäe et al. [28] found similar results after a six-day training camp of competitive rowers. Additionally, the assessment of DOMS reflects the exhausting effect of the training camp. As the pain scores doubled in the course of events, a dose-response pattern of the training load was derived. This complies furthermore with the process of the scale Muscular Stress. Moreover, our results correspond to an earlier work of Costill et al. [29] , where resembling processes were found in progressive muscle glycogen depletion in response to three consecutive days of increased training. In addition to monitor team scores, the questionnaire might be applied to identify individuals who are maladapting. Figures 5 and 6 depict an exemplary profile of a player who presented a rather recovered and less stressed profile at the beginning, but who seemed to indicate signs of maladaptation through the course of the camp compared to the team's mean scores. The scales Physical Performance Capability, Muscular Stress, and Overall Recovery and Overall Stress deviate remarkably from mean values, and especially the high rating of Emotional Imbalance on the last evening might reveal an important clue for initiating individual countermeasures. Thus, the tool might provide helpful information for interventions in the future.
All in all, we found evidence that the ARSS is a valid and sensitive tool for monitoring and assessing the recovery and stress responses during a training camp. However, using the findings from this study to support the use of the ARSS for other sports and target groups at this stage is premature. Apart from the rather small number of participants, the present study dealt only with female athletes. In addition, the aim of the training camp was not to evoke a systematic overload and it is noteworthy that the time frame of five days appears to be too short to predict primary indications of overload or the overtraining syndrome, as that may take several weeks [4] . Nevertheless, the lack of physiological data is another limitation of this study. Despite arranging equal playing times during the test matches, individual physical intensities could not be evaluated. Future studies should include physiological indicators, such as heart rate, lactate, or creatine kinase. Moreover, further longitudinal examinations are necessary. In reference to the findings of the RESTQ-Sport [e.g., 18 , 23], a similar adaptation of the ARSS scales over a longer period is conceivable. Therefore, the effects of (high) intensive training loads in strength and endurance training have to be analysed and correlated with physiological parameters. Maybe, cut-off values can be identified and markers of a negative development can be determined.
Furthermore, the suitability of the ARSS to other sports is yet to be examined and therefore extrapolating the findings to other settings is cautioned against at this stage. Although field hockey is a team sport and may have similarities with other types of team sport, each sport and context has its own nuances and specific training protocols, which may lead to different responses and profiles.
CONCLUSION
The questionnaire manifested a practical and suitable versatility. From a practical perspective, the strength of the ARSS is its shortness because it can be easily applied in high performance sport settings in an efficient way. However, there is still a need for more empirical evidence to support its utility and applicability in sport settings.
Further research is necessary, especially with focus on individual interpretations and recommendations. As athletes with equal capability may display heterogeneous responses to a given stimulus [6] , the establishment of normative standards might reveal to be problematic. A similar approach like the suggestion of Kallus and Kellmann [30] with the RESTQ-Sport has merit. They recommend that training may be adapted for each athlete based on an individually determined (off-season) baseline level. When recovery scores decrease and stress scores are elevated and no regeneration seems to taking place, training load might be reduced or more time to rest be given in response. Another possibility is to regularly match the mean values of teammates, provided that they are undergoing the same training regimen.
However, a general problem of questionnaires is the response distortion by means of either faking good or bad [4] . Athletes might be worried about the consequences of not reporting 'desirable' results that are not truly reflective of their recovery-stress state. Alternatively, in order to avoid another strenuous training session, athletes might exaggerate the stress and understate the recovery dimensions. Therefore, it might be advisable to feed back to the coach anonymous mean scores rather than identifying the athlete. Nevertheless, there is significant merit in athletes using the ARSS to get individual feedback and to manage their personalized training schedule independently.
Consequently, the utility of the ARSS is still a work in progress. Nevertheless, the preliminary findings support its applicability in the high performance setting of women's field hockey. The ARSS potentially constitutes a valuable instrument to assess the acute recovery and stress state of athletes in a time-efficient and sensitive way.
